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Los Alamo* NM 8?545

(505) 647-2160

ABSTRACT

Two ●utomated nondestructive •s~ay lnutrumente

developed ● t Loa Alamou in support of nuclaar
materiala ●ccounting reeds are currently nper-

●tfng in-llne at the Y-12 Plantb for recovery of
highly ●nriched uranium, One lnatrument pro-

vides the HEU inventory in the secondary eolvent
● xtraction ayatem, and the other monitors REU

concentration in the secondary intermediate

evaporator. Both lnatrumbnts were installed in

December 1982. Operational evaluation of these
instruments haa been s ;,>int effort of Y-12 ● nd

Loo Alamoa. Thirn hea included comparison of .he
solvent exfractiun ayatem inventories with di-

rect measurement performed on the dumped ●olu-

tion component of the solvent ● xtraction aya-
tf , ● s w~ll an compariaona of concentration

● l aey results with the external taaays of ●am-
plea withdrawn from the proceaa, The function,
design, ● nd preliminary reaulta of the opare-
tional ● valuation ● re reported,

I. INTRODUCTION

Two automated prototype nondestructive ● a-

aay (NDA) instruments ●Ye undergoing operational
@valuation at the Oak Ridge Y-12 Facility for
recovery of hishly ● rrriched uranium (HEU). The
inntrumenta wer~ deaigrttd to moanllre uranium

concentratiot,a in line and to ●utomatlcnlly de-
duce HrU tnvuntori~a or provid~ operational in-

formation for the purpoeen of proceea control.
Fach inntrurnent uoea ● computer-automated data
●cqlltmlt!on system to oh~ain ● nd mnalyzo the

NaI(Tl) gamma-ray ap~ctra chnrncteriatic of
235U, the primary aourc? of radiation in theee

●olutlone, Th? ln*trumonta w~re d@sigrtedl by
the Loo Alanoa National Lahuratory Safeguards

Asaey Group Iras@rl on irr-plent NDA meaeurrmonte
usina portable equIpment2 ● nd on recommenda-

aU[)rk ’e\;pp=ted bj the US D@partm_nt of En@rgy/

t)ffice of Safeguards ● nd Smcurity.
boporated for the US [mparloant of EnerSy by

Union Cmrbide Corporation, N~irl*nr Divitiion,
utrdor Luntrar!t W-7405-eng-26.

cR@fer to Y-12 pub] icmtlon number T/DG-16376.

I. W. JETER, E. MCCULLOUGH, G. L. BOWERS

Oak Ridgr Y-12 Plant
P. O. Box Y

(615) 576-5454

tiona from Y-12 per~onnel. Operational evalu-

● tion la a joint effort of Y-12 and Loa Alamos,

Two nuclear rriateriala al counting neeuti

identified with high priority by Y-12 establiah

tha purpoaea for dealgn of these prototype in-
● trumenta. One of these needs ia e timely and
reliable method, immune to large blaaea, for

determination of HEU lnvtntory in the secondary
solvent extraction ayat.etl. The second need ia

the ability to ~ea8ure and/or minimixe the HEU
holdup (due to overconcentration and precipita-
tion of solids) in th? Iieccndary intermediate
●vaporator that precedes the secondary solvent
extraction ayatem i:~ the recovery n-oceas. It
waa en6ential that the methods developed to
●atiafy these needs, ● s weil ● a the development
and teeting of the methods, be compatible with
production routines #nd scht~dulea,

‘rhe solvent extraction ayctem inventory

need im addreaaed by the EUREKA (Enriched UItti-
nium Extraction Ktrlu,urr An.is:!) irrfitrumrnt. ~Ll-

RI:KA comhirrea mrnRured c,,ncentratirrrrn of uranium
in the anlvcnt ● xtraction C,II Imnb (during p~llaed

operutiun juet before ●l,utdown f,.,r invt,ntory
● nd in tl~e static mode ● fter shutdown) with I
Iiblary of proc~~n deHiRn irrftrmntion to detr-

mine (via deduced cnncuntration profilen IIJ ‘he

col!,mna) the HEU in~nntories iII the extrrnnl
plt~mhtng ● nd in ~lie columns. The lnt?rmrdjate

evaporator holdup prOblerJ iri nddr~uaed by ● n

irrnlrumerrt that monltore uranillm concentration
duri.)g opcrntion. More t~mrly mcINI*l runtrol

(by !hf operator) of feed and prt,rfu:t f]nu rates
ie ponnihle with rr~ar-rral-t ime cnncentratirrn
infurmntforr made ●vnilahle by 111111 fnntl(tmcnt,

AI IhouRh funrtlon and rtrIrIi Rn rliffcr nubtitat\t ial -
ly iu the two tnBlrumrnts, the m~hndn of rndl -
● tiun drtmrt font uranium cnn{. ent rat iun nullay,

and mranur?rnont control ● r~ tt)mmnn to both,



11. INSTRUMENT FUNCTION AND DESIGN

A. EUREKA F’. nction and Design———.—— .—
The Y-12 facility for recovery of highly

enriched uranium operatee two identicai parailel
oolvent ●xtraction cystemtr for ●econdery purifi-
cation of uranium in concentrated (200 g/L) acid
(4 H HN03) solution, Figure 1 la ● schematic
illGotration of one of these nystems cortioting

of three puleed no?.vent exr.raction columnc, each
10 m tall by 10 CQ in diam with glasm \upper
one-third) and stainleoa steel ●ecti.xw. The
glass sections ● r.= inactive, and the (active)

6tainlena fiteel sections arr fitted ● t 2.5-cm
intervals with 1.6-mm-thick Ctainless steel
sieve plates for phase dispersion, Urmnium 10
ektracted from the acid 6olu*ion~ by the low-
density organic phase in the ●xtraction column,
and 1s 6tripped from the or~anic phaae into the

low-acid aqueoua phase in the backwash column.
The organic producte of the attraction and
strip columr, a are typically saturated (%120

g/L) with uranium. The raffinate 6tre.am uranium
concentration is a few grams per lite* , and the

●queoua product concentration ic ●pproximately

100 ElI.. Except for the ●queoua f?ed and prod-
uct streama and raffinete ●treama, ●ach system

operatee in ● clooed ioop. During the monthly
●hutdowtt, the squeoua feed ●nd product storage

tankc ●nd the reffirtate storage tanks ● re sam-
pled ●nd sacayed for iuventory. A separate in-
ventory determination, excluding the storage

tanka, ii required for the hEU (approximately

25 kg per ●yatem) in each of the two solvent
●xtraction ayateme. Thle inventory la presently

perfolmed on one of the two parallel ayatemG by
the EUREKA instrument.

Figure 2 is ● conceptual illustration of
EUREKA . Six ●hielded NaI(Tl) detectors, mounted
aimultaneoualy ●long the solution-bearing length

(9 m) of ●ny one of the three columns of the
secondary solvent extraction ayatem ● re used to

detcrmlne the uranium concentration ● t the aix
verticel locatir.,s on each column, The a’.x de-
tectors wount on bracketa clamped to (or adja-
cent to) each column in e fixed poaitlon. The
dctectora ● re moved from column to column to

perform “he ●aamys in count t+mea of 60~ a.

7, ?
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rig. 1. Scll~matic l~luatrat ion nf ono of two aecondarv solvent
extraction ●ystcmu for purlflratlon of Wt.1 ● t Y-12. ‘
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Fig. 2. The mix chielded detect orti, mounted on one of
the solvent extraction columns in the opera ~ing ● ren
(left), and the ●lectronics in the rtmote, contro? led-
●nvironmcnt area (righ ) ● re shown sch~matical].y to il-
lustrate the EUREKA debi8n. The electronic pac~ge in-

cludes (bottom to top) nix stabilized amplifier, ● dual
floppy disk drive, ● computer-based multichannel analyzer
with CAf4AC mlnicrate (containing multiplexer-router, Af)C,

high-voltage eupply intrrface, and clock), end ● program-

mable hlqh-voltage power supply. The por~able terminal
for control rf the ●resay in the operations nrea is ●lao
ahovn.

Column irrv~ntoriet are determined from the ● ca@-

ured concentration by cunatruction of ● con-
centration profile for ●ach collimn in the var-

tlcal dimrnaion. The column invento~y ia the
n,merical integral of the product of column
concentration and volume ?l*m?nt.

Ail ●loctronica component downstream of
th~ detectors reaid~ in a remote, controlled-
cnvironmcnt location ● t Y-12, ma illustrated in

Fi[ure 2. Figuro 3 ia a photograph of thame
●lectronic ●uaembl~d before shipment to Y-12,
●nd Figure 4 ●hous ths ●lectrrrnica !nstallad ●t
Y-12. Th* aix lfnoar ●mplifiar outputa ● re
●ult lplexed into ● ●lngle analos-to-rl::ltal
converter (ADC) ●nd routad for •~pa~ata ●toraSe
in the computrnr-hasea multirhanr,.1 ●nlyaer.

Analo& ga!rr ●tabllication ic ornrloyad, ●nd tht

computer maintaina control of the high voltage
on ●ach of the detectors. The CRT dlaplay auto-

matically updatua ,,y of the aix pulse.heignt
apactra in r~al time (during data acquisition)
●nd prnvirf~m the option tn exnmine any npectrum

fr datail ●fter ●cquisition. The d~ta are ● uto-

mat!c~lly rrnalyzed, and th~ r?multa (uranium

conrentrationo ●nd inventory) ● r? printed at the
e!td of ●sch analyaia.

Figure 5 ia ● pilotobraph of the ahl~lded

detector ●mamibllea prior to ●hiprnent to Y-12.

Figure 6 la ● photograph taken ~’ tAc Y-12 so-
lution recovery ● rea nhouing ● shielded detector
mounted on ● ●talnleas ntml ●action of ● @ol-

ven: attraction column.



Fig. 3. Electronics for EUREKA, as bembled prior

to shipment to Y-l?. This ●quipment, located

in the controlled-environment area at the Y-12

HEU recovery facility, consists of (left, bottom
to top) the programmable high-voltage powar

Jupply , the stabilized amplifiers, the dual

floppy disk unit, and the hardcopy unit, ● s well

● s (right) the programmable multichannel ● na-

lyzer with CAMAC minicrata.

rig. 4. EUREY.A ●lectronics installed in tht
cwntrt)l led-anvir[)t~mcnt area ● t Y-12. A ●hi?ldod

det~ctor im held in the foreground of tht photo-
Irsph. The Icrminal for control of the ●aaay in

the ol,rratiorro ● rea la ●hovrr in front of the
hordcopy unit.

Fig. 5. Shielded detectors for EUREKA, aasem-
blad prior to ahlpment to Y-12. The uranium

(working standard) disks, mountrd on the tungs-
ten holders, ● re shown fnaerted in the al% laft-
mtrat collimator ahielda. The portable terminal

for control of tha ●aaay in the operation ●rea

ia in the background.

The moat ● ccurate and precise reuulta for

uranium concentration can be achieved by meas-
urements of single-phase solutionn in the ●tai:c

columns. Thla is accnmpllahed ●t the normal
inventory period when the columns have beer shut

down and puleed to disengaue phaaes. Kovever,

approxfmataly 20% of the ayatem inventory re-
aidea in the plumbing ●xternal to tha solvent
extraction culumna. Each plumbln~ line either
feeda or is fed by solution in the column.

Therafore, columo concentration profiles can
●lao be used to deduce uranium concentrations
In oolutions that reside in the solution fead

and drain lines. t4eaouruments tc obtain con-
ccntrstlon profllea of the static columns are

pcrformel ●fter ehutdown ●nd pulting of the
columns ●o that the memory of the concentration

in the external plumbing ia ●ffectively eraaed
from the static profiles. Howver, profjlea

obtoined from measurement of the columno during
pulsQJ oporation (just bafore shutdown for in-

ventory) provide the concentration information
neceaaary to det~rmine the lr.~entory in the wx-
ternal plumbing. Therefore the columns ● re
●easured ffret durirrR pulsed opratiun just be-
fore the ❑onthly shutdown for inventory ●nd
●sain followtng shwtdown ●ld pulain~ for phaac
separation.
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Fi$. 6. Operator at the Y-12 facility for re-

covery of HEU is shown posl:loning ● EUltY.KA
detector on the extraction column of the sec-
ondary solvent extraction tsyatem.

The ●ssay system has been designed to ● uto-

mate (UI sr computer control) ●ll operations ●x-

cept for positioning the detectorc, performing

the ●ppropriate sequence of proceoc operation
during the s+aaay, ●nd providing input of :roce88
information used by the ●ssay. Control of tile
assay 16 sccompli6hed ●ither remotely ● t the
main terminal (in the controlled-environment
locOtion) or at a portable terminel in the proc-

● s~ ● rea (refer to Figs. 4 and 5) so that the
process operator can perform the nsaay, Control

of the ●ssay at the portable trrmirral ●nableo
uae of this ●quipment for process monitoring

applications.

B. Evaporator Monitor Functfon ●nd Deal n.-. ---
‘--+Concentration- of uranium in iolution

feed jnto the Y-12 cecondary oolvent attraction
symcam 1s carried out by the secondary inter-
●ediate ●vaporator. TI is 16 s reclrculsting,
steam-jacketed unit , approximately 6 ● tall,
with ●n lsolatrd 9-cm-diam sts!nleoc steel pipe

for solutton return to the steam-jacketed ●ec-
tlorr. Control of the ●vaporator 10 ●crompliahed

IJY manual Oprrat ion of fted cnd product flow
rates ba~ed on monitoring of the •p~cific srav-

ity of ●olutionc withdrawn fro- the ●vaporator
during oper~tion. Thla time-consuming procaos
:ives rlac to frtquent upatts in operation.
Furtharmoro, the opecfflc gravity ia c~rossqly
dep~ndmrtt on ●cid solarity in thatc highly ●cid-

ic 9olutlons. To ●void overconcentuatin~ (and
preclpitatinc) uranium and to ● smurc tha daslrad

uranium concentration for 001v8rrL ●xtraction

feed, ● chielded NaI(Tl) detector was Installed
on the ●vaporator return loop, ●nd ● n autommted
instrument V*S designed to provide ● near-real-
time readout of uranium concentration in the
evaporator ●olutions.

Figure 7 is ● schematic illustration of the
monitor instelleif on the Y-12 secondary inter-

mediate evaporator. The ●lectronic* components,
locsted ●pproxlmmtely 5 ● from the ●vaporator,
● re ●ncloted in ● n ●nvironmental cabinet through

vhich instrument ●ir flows continually. The

small, programmable datm ●cquisition ●nd control

unit ●utomates the ●sssy ●nd the monitor read-

out. The readout panel displays the concentra-
tion result on ● numerlcsl LED dimplay and in
● n ●rray of colored light- (vi*!ble to the op-
●rater controlling the ●vaporator solution flov

.-..-J300000000000

L—.. _ _ . ___ — .— 1

rig. 7. Schrmetic illustration of ura-
nium conc{,)tration ❑onitor installed on
the Y-12 orcondsry intermediate evapora-

tor . The shielded Letector is shown
mounted on the ●vaporator Oolution re-
turn loop. The ●lectronic pachge

(right), located 5 ❑ from the ●vapotstor,

consictm of (It!ft to right) ● ●tabllized
amplifier, high-voltage supply, AX, snd

pr, ~rsmmable data ●cquisition ●nd control

(PDAC) unit. The LED display tntt !s
S1OO shown. The ccpablllty for ●utom_t-

fc control of valves by the PDA(: unit,
●lthough not preoently implemantcd, la
illustrated here.
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r~tes) that indicate concentration range. Read-

oqdt updates occur, typically, at 30-a irttervala.

The ●lectronics cabinet and the shielded NaI(Tl)
detector ● re shown, installed ct Y-12, in Pig.
8.

c. Uranium Concentration ).eaay——.—.--—- -—.
The counting geometry for ●ssay of uranium

concentration in the solutions in the secondary

solvent ●xtraction system $s illustrated in

drawinga of the radial and longitudinal column

cross sections, Figs. 9 ●nd 10, respectively.

A similar geometry applies t.o the asaay of so-
lutions in the evaporator retu’ I loop except

that the thickneaa and inner diameter of the
stainless steel pipe are 0.55 and 8.9 cm, re-

spectively, and there are no sieve platea and
stator roda to consider.

The aaaay uign,cure for the uranium con-
centration measuremei t la the 186-keV gamma ray
of 235um Therefore, the accurecy of the naaay

relies on a know value of the uranium mrich-
ment in these solutions.

Because solvent denaltiea in the secondary
solvent ●xtraction aya:em can vary by ~25%

about unity, solution self-attenuation effects
are solvent dependent. Thus calibrations were
calculated for ●ach solvent category. The cal-
culation for the low-acid, uqueoua solutions

within the stainleaa steel portions of the sol-
vent extraction columns was verified empirical-

ly.

The calculation integrates the 186-keV

activity (at the cone apex) from e truncated

F.g. 8. The squlpmenr for the urn)iurn concrntratlon monitor for the nrcondary intermediate ●vaporator
1s shown inetalled at Y-12. (n) nlp clrctronicm (ornponrnta in the ●nvironmental encloeurc ● re (left
to right> the programmable datn arquisltion ●nd cor:rol unit, the hiuh-volt~ge power supply, th?
●tatlllf?rd ampllficr, and thr AIK. Above the ●nvironmental cabln~t is th~ LEfl display unit. (b) The
ahi~lded NaI(Tl) det?ctor is mounted on the return loop of the secondary intermcdfat~ v.rporator.
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Fig. ), Drawing to scale of m radial cross ~ection of ● stain-
less steel section of a secondary solver,t extraction column in

the active region. The detector position with respect to the
stainless steel statr,r roda corresponds to the actual poaitiona

of the EUREKA detectoro on the solvent extraction columns. The
curves labeled (H20)0. (HN03)0, ●nd (TBP)O mark one mean free
path for :86-keV gamma rayg in pure water, nitric acid (4 ~),

and 30% tribu:yl phosphate in kerosene.
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right-circular cone-shaped ●ource of uniform ●c-

tivity. “[t includes the ●ttenuation effects of
the, oample ●nd external ab$orberm, ●nd incorpo-

rates ● reducei scattering attenuation to ● c-
count for gamma ray- that ●catter but mre ●till
detected within the resolution limits of the
106-keV photopeak. The calculation doe- not in-

clude th,~ effect- of the platec and rods.

The measurements performed to verify the

calculation required fabrication of s mtsinles~
steel oamplc cell (Fig. 11) to reproduce the
construction and configuration of the Y-12 sec-
ondary eolvent extraction columns. The lover

half of the 50-cm-lon3 by 10-cm-dlirm cell con-
tained appropriHte:y positioned platea ●nd rods
designed to match the sieve plates and utator

rods that exlut in the ●ctive reglono of the

solvent ~xiraction columns. Separate me{\aure-

men~s I ● re perfOrmed with ● reference detector

ponitf~ned on the upper ●nd the lower haif of
tho c 11. ro eliminate the effects of count-

ra~e l~are~ on the ●aeay r~ nult, the meaaured
lP6-kuV ?r~nt rste is normn!ized to that for the

60-keV ~~otopeak produced by ● 0.5-uCi 241Am

source sttached to the detector in fixed geome-

try. The normalization facr,~r differa for each
detector, due primarily to differences in the
241~ •our~. ●trengtha. U“.aurementa Wele

performed uairig five well-characterized HEU
aolutiona vith uranium concentration of 7, 59,
129, 178, ●nd 258 g/L.

The ●b,olute 186-keV count ratea meaaured

vith the reference detector positioned on the

Upper hdif of the cell are within 1% of the
calculated vnlue vith ● standard deviation of
0.5%. The corresponding relative count ratea

(the 186-keV rate divided by the 60-keV rate)
● nd the calculated calibration normalized to
these reaulta are the large dota and the solid
line, respectively, in the upper portion of

Fig. 12. The ratloa of the measured to the
calculated valuea ● re ahovrr in the lower portion

of Fig. 12. The relstive standard dev!atlon in
chit ratio for the five camplea ia 0.7%.

The relative count ratea measured with tb.e
reference detector positioned on the lower l~alf

of the cell ● re aloo plotted in Fig. 12. These
includ? results obtained with the dcte:tor po-

sitioned between two roda (croaaea) as illus-
trated in Fig. 9 ●nd renulta cbtained with the
detector poaltlrrned directly in front of ● rod
(trlanglea). The measured affecta (relatlve to
r?nulta obtained on the upper portion of the

call) of the riteve plntet ● r~ plotted in Fig.
13 ● a h fractional derreaae in the 186- to
60-kaV ratin v?rsun urarrlum cnncentratlon, Thr
m?amwrod ●ffer.ta nf thr ●tntrrr rods nr? plntted
in F!g. 14.

Th@ large ●ffect.a (api,ruxlrnntely 20% or
more) of thp atator rodm ~n the m~aaurcd 18(1-krV
count ratea aro avo{ded in the EIIKEKA annnyn by

poaltloning th~ tfetectora between t}le rodn on
the ●ctive r~glotrs of t IW ●olvent ●ntractlon

columnn, Th@ amall?r ?fferta of th? aleve
plntea, reprr~ented by the qttadratic flt to tho
data in Fig. 13, ● r~ incorpnrnted in th~ KllR~KA
aauaya of aolutiorro in the actlvo port tonn rrf

the cnl~lmna by npplylnR thin @mplrlcal corr@c-
tton to tlw meanured rollnt rates in an !tcrativc
mnnn~r. Tlw error’ h~ro on th? data in F!g, 11
fndiratm tlw II!RII and low renultm ot,tafll~d from

memnurementm with the cn!ltmatur ~,cntor~d on a
plate and h~twnetl t.r,, plntps, rempertlvrly. ThIS
pf!n!tloning of I’:INI:KA d,foctnr. un th- active

l,(~rt lonn of tho , nlumn 1= rand(!m wtth respect

to the rolntlvc poatt ions uf the platoa in rQ-
lntinn to thti rolltmator. Thfn !oi otpntat~m a
?mnll unr~rta!nty into th* rnnr?nt ration ●mmay.

I
I
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ho Z&l -7
SOLUTIONCONCENTRATION(Ilimi UMI IIIU)

on the 18b-kcV count rate is illustrated
by th~ date points, wljtch are th~ ratios

of the rromgen to the large-dot data
pointt of Fig. 17, }~lotted verauo ref-

cr-nco solutfrrr roncentratjon, The ac-
tual data points shown arc each en av-
Qrage nf two reeultc; one with the d?-
tector collimator prrmitforred as in Fi&.
10, and on~ with tho datector ,,ollttn#tor
p,)attloncd tmtwa~n two S{CV* platen.

The @rror har limits (upper ●nd lower)
ahou th~so two r~sulta, recpectivcly,

I
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SOLUIIONCONCENTRATION(IIRI Uw IIIN)

Fig. 14. The lsrge ●ffect of s stator rod,

po; it loned directly in front of the detector,
on the 186-keV count r-te is illustrated by the

data points, which ● re the ratioe of the tri-
●ngular to the cross dnta po(.nta of Fig. 12,
plottad vertum reference r,lution concentra-
tion. Thesr ●ffectt are avuided by positioning
det?ctors w!fh respect to rods a- shown !n Fig.
9.

The une of a polynomial fit to the renultc

of the nurnrrical integrtt!>n wa- the alrnpl~ct
●pproach to the ccllhratlon for c~versl reasona.

The fir-t r@aann 10 that double prrciolon ●rith-

rnetic is rrquired to obtain the rrec~osary oan-
c{t!vity in th~ orlglnal numerical integration,
and th~ polynoo)isl flt ●voidn this r*quireuent.

A necond r~~son 1s thst ● n inverar form of the
IIumor ical lnt?gratfon was not ap, mrent . A third
rcaton ie that the ninth-order polynomial fit
to rhr calrulatad rates B!VFO bettt~ than 0.2X
•gr?~ment (ln -on{,entratlon) over 90% of th~
cnnrentratirrr ranue in which it is ●ppl lad #nd

b?tt~r than O.fX In tho lowest IOX of the

ranga .

Table I ohows the random uncertainties in
the meaaured 186-keV count rates due to countins
otatintics (in 600-c couuta) ●nd positioning
vith respect to the ●ieve plate- for three con-

centration spanning the ●naay range. The net
raeult in Table I it the quadratic mum of these

two uncertainties. Table II showe the rap.dom
uncertainties in the meeeured 186-keV count
rates due to uncertain knowledge of solution

●cid molaritiet for the same concentrations.

These reoultc ● re chowrr separately for measure-
ments of the ttatic ●nd pulsed col~.mns oince the
uncertainties are significantly larger for the
latter. Table III ohows the quadratic cuma of
the net result- from Table I and ihe reoljlts
from Table II.
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DUe to the increasing elope of the curve
of uranium concentration versus 186-keV count

rate with Increasing concentration, the relative
uncertainty 10 uranium concentration ie much
larger than the uncertainty in count rate et
high concent:ationm. The differential relative
uncertainties for the three repreaentttiv~ con-
centration ● re given in Table IV. The product
of thi~ quantity ●nd the net random uncertainty
in the 186-keV count rate (Table III) gives the
net random uncertainty in the =ea#ured uranium

concentration. Theme reeulte ● re given in
Table V.

The data of Table V can be ussed to predict
the random uncertainty in the EUIWW inventory
of ● given column. Thic is ●pproximately 3% for
● ●tatic column ●nd 5 or 6% for a pulsed column
if no othrr random ●ffectk contribute.

D. Measurement Control. . .. --— . ..-. .—
h“easurernent control ●pplied to theoo in-

plant NDA instruments includen: Bymtrmetic
monitoring of rh,topdnk centroidn, photopeak
#idths, and counL iate~ of ●ll rnpect.-a ●cquired;

regular meaeuremcnts of backgrounds; ●nd regular
assays of (working “otandrrd”) rnriched ultnium

diskq. The sccepted values for photopesk widths
●nd centroid~ ● re eturad in parameter files ● c-

cecmad by the EUREKA ●nd ●vaporator monitor
codes. Tlle~e value- ● re c{,mpared with the meea-
urcd values. The data are ●utomatically flagged
if the devlstion ●xceeds the prescribed vclue,
Becauor ●naloc specl,rurn gain stabilization f,s

employ-d and becnuoe count rates ● re lsrw (ap-
proximately 3000 a-i) ●nd relntivaly constant
(since the 241Am is reapunnible for meet of the
rata), it ie rare tl,at theap flags •r~ rsleed,
Background snd ‘oil m~aaur?mrll~c ● rw performod
●t int@rvalB pr~arr~h~d by the usarc, The
cctwsfulas rliffor for the two lnrntrumcntst but
the mpthods ● re ttw snmc and th~ rasulta of the
background ●nd foil meauurem~ntm hmvc the came

ul~nlfirsrrcc for both inut:umunts,

TABLE IV

DIFFERENTIAL RELATIVE UNCER?AINTY IN URANIUM
CONCENTRA11ON VERSUS THAT IN COUNT RATE

F SJ‘1%6-!HI?lL_w—__——-_.. -1..

10 1.06

125 2.03

250 I( s38

lABLL V

RIIAIIvI RAu~ uh([RIAlhlY {1. ) IM M[ASUR[G URhhlUM (ON[lNIRAl)Oh

LXIMACIIDX. S#.kfi
04 (6(1) PuLsln,
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●:ectra ● r. read into mamory from floppy disk-
●tte filer. Background ratios of net peak areas
•rt~ typicslly 1 to 5% of the ratio measured in

A solution assay for which the uranium concen-

tration im 100 fI/1..

Assay of ursnfurn clicks for me~~uremcnt cun-

trol purponeo involv~a insertion of ● tunRnten-
back~d 13-mm-ditm disk of highly cnrlched ura-

nium m-tal (total weiflht 10 3 g per disk) into
the same clot in the collimator that I* uacd for

th? backgrourrd ●hirldq. (tlafer to Fig. 5 .) The
uranium disks ● ro rnnullted on on- end of the
tungmten haclktround mhi~lds. Each dctecto: ham
its own unique click. ThAI disk ponitlon in r*-
prrrduclble in that the uncertainty in ttlr lH()-
keV count rate due to ponftioning is lQHC than

tha random uncortairrty due to cn\intfng atatlrs-

tics, TIIC Iatio of not pr~k ● rran determined

in the d!sk. assay fe compared (n,.!tnm~tjrs~]y in

the EIII(EKA code) with the nomtnal values fnt

.-—..

$

,

t
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given detector relative to that for the refer-
● nce detector. Thim quantity is ●tored by ●ach
detector in the EUREKA parameter file. It c-n

be “meesured directly by aeeey of ● reference
●olution of uranium in the ●tandard cell, or the

directly meesured veluem c-n be corrected by the
changes in the diek ●suey rosulte. The lttter

method hee proven to ba ● c!mple, ●ccurete, and
ecse~.:ial ●lternative to the time-coneumlng ●f-
fort of direct measurement of uolut.iono in the
etendard cell.

The ●ver&8e relative ●tendard deviation in

the ●lx disk naBEy reeulte obteined (pllor to
●ach ●tatic. ●nd pulced ●eeey on each of the
three columns) during inventoried since Febru~ry

1983 is 0.35% for ●ll ●lx detectore. Thie ie

only elfghtly larger than che contribution of

counting Btatietics (0.3%) to the rendom uncer-

tainty. Ther@fore any effects of the location
on the columr, the identity of the column (ex-

traction, etrip, or bnckwaeh), or the column
operational sctltus (pulsed or ntetlc)t ● e well

● s ●ffectc of disk positioning in the nhielJe,
are small enough to be ignored in using tha diek
eosay results to coriect the detector ●fficiency
pbranietere.

E. Rrsulte ●nd Signiflcanca of Meanu,”ement. . . . .. . . . . . . . . . . . . .
Control by Uranium Disk Aes~

. ...——
. . . . . . . . . . . . . . . .

t4@asur&ent control by dtnk or foil ●ceey
hsa been drmnnmtr~ted previously ● s d ~ethod to
monitor the etebility of the crnlibretion of ● o-
lution ●asay inatrumente that uae mcthode of
high-rraolutlon gammt-ray measurement baeed on
both paaoivo Unmma-ray ●emay and on gamma- or

meaauremente.b The Ereaterx-ray trannm!naion
overall etebilitj in the high-resolution ●ystemc

reduces the r~quired frequency of direct cele-
bration even thuugh the doaired accure~y ~reatly

excoedc thit ●chievthle by NnI(Tl) d~toctore.
Therefore, foil eeney r~sulte have been ueed in

the past to monitor the calihretion of ● hlgh-
roao)ution gamma-ray inatrurnent on ● frequent
banis. Adjuatm@nt of the high-remolut~on eyetem
ral~ bration, which ia r~quired only infrequent-

ly, 10 arrompl inhart directly ueirrg wcll-cherec-
t?riced r~fcrencr eolutiotrs

lt fo not practical to rely on the ●vail-
*hflity of r?f~r~nco eolutiont to ●atiefy the
froquont n~~do for roralihration of NaI(Tl) ● s-
hay inatrum?nte. Furtlwrmore, th~ tfme ●nd cf-
Iort rcqulred to ●frply ●uch cal:hrmt ion ●ethode

frcquontly to multiple dotectora deai~ned to
op~retc on-line la prohibitive. Therefore. the
Y-12 irratrumonta hevo roliod on the dimk ●eaay

reeul?o to provide the noroasary calibration
updates, The ●xtenelvs dimk aasey data ohtotned
with the F,llRtKA dctsrtora (a dtak ●stay ham pro-
ccded carl! cnnrontrctlon aamay p~rformod on the

●olveot ●xtraction columne to dete) illuetrete
thw effectiveneee of theee ●ethode.

Figure 15 ie ● plot of the ●fficiency fec-
tore deduced from the diek ●eeey reeulte vereue
date for ●ach of the ●ix EUREKA detectors during

the firet O ●onthe of operation ●t Y-12. With
one exception, ●ech (eolid) deta point ●lrrce the

Jenuery meeeuremente is the ●verage of ●ix 600-8
disk maasuremmte. (Theee are the diek ●oeaye

thet precede the puleed ●nd ●tetic ●olution ● *-
eaye on ●ech of the three columne during the
monthly meaeuremcnte for inventory.) The ●x-
ception le ● ●et of disk mesaurements performed
in mid+iey, concurrent with direct meeeurementt
●t Y-12 of the ●fficiency flctort (open pointe)
for ●ach detector *icing L well-characterized
reference ●olutioo ●nd the calibration CC1l.

The daehed line Indlcatee the ●fficiency fector
meaeured for eech detector by direct ●ethods

duriug the original calibration ●t Loe Alamoe.

It WJE during thla origfnel calibration thet the
cheracterietic (186- to 60-keV) retion, which
hav been ueed for comparison with ●ll euccea-
●ive JIok ●oeaye, were precieely determined.

The initial meeouremente with detector 4
ju?’. ●fter lnstellttion of EUREKA indicated the

pocelbility of ●lectrorrlc malfunction in thie

Jetector. It vae eubeequently dieaeeembled,
checked, ●nd reassembled in ite irhield, In thin
proceso, the 2b1Am ● ource geometry van chan8ed,

ceueing ● large (10%) decretoe in the ●fficiency

fector. Tl,e ●veilebility of the well-charac-

tericed fnfl made poecible the immediete uee of
thie detector sfter r~aasembly, w!thout the need

to recalibrate ueins ● reference ●olution ●nd

the standard cell.

Lerge fluctuatfone in the ●fficiency fac-
toro deduced from diok aestye during t)ecembar

through February indictited ● posolble ehifting
(eliding) of aeverml of the NaI(Tl) detectore

in the ●hieldo. Juet prior to the Mrch inven-
tory, nylon ●et ●crewe were inetalled to fix the
proper detector ponitione. Since that time,
only ●mall, gradusl ●onotonic changee in the ef-
ficiency pnramctora uere obrntrved, xu ●ach ceee
(enrept for det~ctor 4), o lln@ar ●n{rspolttion

of the dots beginning with the Narrh i ,aulte
intcreecte the origirrml direct measurement

(dafihod Ifne) at the y axle (Iato November

1982), the tim~ of the original dir~ct mcaeure-
●ente.

The direct ctltbr-tton moaaur~mente per-
form~d in ●id-t4ey with e 100 s/1, urenium refor-
● nco ●nlution f!] tho atmndard c*11 prcrduc~d ●f-
fi(ionry factore in ●xrcl lent ●~roomont with the
diek predictlnn (refer to ?ig. 15). The ●veragc
dcviatton of tho diek prodictlon from the direct
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Fig. 15. The ●fficl~ncy ‘ ●or deducad from dlrnk

ansaya (solid polntc) 1s P1O. J versus dato for the
SiX EUREKA dztectora, With the ●xception of the
points pIotted in mid-tiy, each point mince January

J983 corr.spondm to tht •vcra~c of -1x dlek ❑esourc-

ments ohtminod prior to nnlutton ●sssya on ●ach of

the three columno in tho pulnad ●nd statfc mode- dur-

ing inv~ntory. The tnh?d lfneo corr~spond to the
●fficienry fsrtnru d@t@rmtned hy direct meafur~ments

●t Loa Alamok of reference aolut!ons in tht otnndard
c~li. Th* op?n r!rclcs plott?d ●t mfd-htey ● re direct
mt,auurcmontu p~rformad at Y-12 us!ng the btandard
rell end n uranl,!m r~frrerrce solution. (f)lnk meeo-
t.r?mentB wcr~ alto p~rfnrmed ●t thie time, The dimk
reeult for detactor 5 fn eupt,rimpoaed on the direct
mrnnurem~nt .) Tlw vertical ● rrown mark the dato on
whlrh the d~tertor pomitionm wore fixed in th@
●hi@ldo,



measurement was 0.4% ●nd the ●tarrdard deviation
V4B 0.5%, 10. This tB LZ indication of the
●ccuracy with which the dic’a rem.lt tracks the
●fficiency factor.

Table VI 18 s ●umma:y of daza on EflREM
detector ●ffic~ency parameters deduced from the
disk recultn. The quantity EFF Ir the ●verage
●fficiency parameter deduced from 5 mooch-
(centered lnmid-ftay lq83) of disk data ●cquired
since early March 1983 when the detector poci-
tions in the shields kecame fixed. The ●tandard
deviation (lo) in the (colid) dats pointe
plotted in Fig. l? durin~ this period is also

given. The percent deviation bet~een EFF and

the original efficiency pareueter (EFFc) derived
during th~ direct calibration ●t Lou Alamo- lo
tabulated for ●tch detector. Thie latter quan-
tity IF a measute of the relttive magnitude of
the drift in the reletive detection efficiency
between the time the EFFO parameters were mess-

ured and mid-by 1983, ●PPrOXim8tely b monthc.
Except for detector 4, for which this ehift vao
●nomalously large ●nd negative (-7.5X), dua ~o

the 2hl,\,m ●OUrCe ●fterm10p06itf0ning reao-

cembllng the detector in t!re ohltld, the ●hlft
for the 6-month period varieo between 1 mnd 5X.

However, ● 5X biaii i I the calculated cot!nt r~te
propagates to 10X in the r.oncentretion sassy for
urnnlum co)lcentratione of loo s/L (refer to
Table V) ●nd to 20% ●t 250 g/L. The gredual
●hifta ● re monotonic ●nd poaltivr fol ●ll de-
tectors. Therefore, the correctlona ●pplimd to
the dctectur rificiency parsmcLare have barn
●ocential in ●voiding ● large ●nd increaeind
negctive biaa (n the inventory reellltr ● e ●

function of tlmal

The origin of th~ apparent decrcnaa In tha
ielativc (lR6- tc 6U-kkV) photopcak detection
•fficicncia~ i- not definad, $ince tna ●ffect
ii cmo.~~h and gradual vlth time, futura ●ffortt

will incorporate the ●mpirical trand for ●ach
:::dctor into the E[!REK.A coda. Thea@ will be

to automhtfrally rorrcct the efficiency
paramct*re in future lnvectoriec, The diek
mennurementa, pcrformad at ● gl~etly rwluc.d
froq~)cncy, will then b- ●pplfed for mc.asuresent
control purPotes to comi>ore with the rmplrlcally
hasod pr~rtirtfons,

111. UI.SIII,TS OF sOI,VENT I:XTRA(’TION FYSTt5tf lN-
VI’NTORY Hl:A!+l!Mt,~,NTS

A. lntrodurtlon
!!valuatlon of th EUREKA fnvotrtory ● eaeurc-

● cnt ccpahillty !ncluttad pcrforain~ the pulmad
●nd ●tatic F.ltNtKA mnsay ●oquences on the rnlvant
●xtracticn sya:cm ● O doarrtbcd pravlouoly, fol-
iouod hy dumplnI of the eolutiun compon~nta of

TABLE VI

EUREKA DETECTOR EFFICIENCY PARAMETER
DATA DEDUCED FROM FOIL ASSAYS

(EFF - FFFO ) ● 100
DETECTOR ID EFF 1’3 —— EFF

——

1 2.460 1.3% 4.7X

2 1.750 0.8X 3.7X
3 2,275 0.5% 1.21

4 1.086 0.4s -7,5X

5 2,3S8 0.2X 2 59

v 2.288 0.6S 3,8%

.’= system inclurJing external plumbing. The
dunped components were ●nalyzed externally for

direct determination of eolution volumes and
maaaea of uranium. These direct reaulta ● re the

referance valuaa used for comparison with the
EURIU invantory reaulta,

EIIREU inventories were performed in 1983
d[ring the first waeka Gf tha months of Febru-
●ry, tirch, April, May, At,guat, and September.
Tha corre~ponding direct meaaurementa occurred
with tha Fabruary, Narch, May, ●nd Septembet
lnventorlea. The raaulta are praaentad for
February, Narch, Apr.1, ●nd Nay. These rtiaulta
● re given on ● column-by-column baaia for the
●xtraction, atrip, ●nd backwash columns and for
the plumbing ●saociatad with Jach column.

B. Dir.ct InJ@ntory Raaulta. . . . . .
Foifowing- the”ti]~ti at~c meaauromants

of uranium concentration in the ●eparntcd phaaam
in the ioolatad ●olvant ●xtractiun columns, the
aolutlon components of the solvent ●xtraction
~ystem ●ara dumpad Qttd ●nalyzad, The column
dumpc included ●olutlon volumaa in th~ pulaer
line through April 1983. Starting in Kay 1983,
the pulacr volumoa wtre dumped ●nd ●nalyz~d ● a

acparate cornponenta of the ●xternal plumbing.

The volumoa of tha col,,,,na ucrc dralrt~d (from
th. bo’tom) into ajx or •ev~n 1O-L bottlaa, ●nd

each bottle waa wei~had, homo8eniced, ●nd

sampled. The ●xL@rnal plllmhing componcnta ware

hacdled similarly. The ●amplaa wero ●oalyzed

for op-rific gravity (by ● crunm~rclal, uitra-
●onlc dcvlce) ●nd for uranium concantratlon (by
nnnd*@tructlva, high-.rooolutlon gamma-ray ● o-
●a#*5). Total volumca, datermfn~d from th~
meanurod welghtd ●nd ●pcciflr Aravitl#a, ware
used, •lmr~ with uranium ronrorrtt.( ions, to de-
termine urantum 9aaaoa, The ● , mated random
relatlvr unrortainty in the uranium ronccntrs-

tion roeulte Ia 0.7X, 1~1. Th# uncertainty in
Volumo ia ●pproximately 1X, duo to weighitrs.

Tharefora, tho ■inimum ov~rall random uncertaln-
?y in the direct inventory result for ●ach col-

umn ia ●pproxlmataly 1X for uranium mbaa ●nft



approximately 0.5% for solution volbme. The

magnitudes of other possible random effects in
the draluing ●nd mmpling procesceo ● re unknown.

Prior to installation of EU51EXA, ● pilot

●ffort to ●ntablish procedurcc for dumps, fol-
lowed by ●xternal analyeis of ●olvent eztrmct!on
●yctem 8nlutivn componeatc, va ● carrid Out
(dur<.ttg July 1982) ●t Y-12. ?oll~wing drwining
of the ieolated ●olvent ●xtraction columrm (itt-
cluding the pulaer linen), these columcta were
filled with n 50% HN03 molution. This flush

molution warn then drained and ●nalyzed fnr ura-
nium. Tshle VII cummarizec the column inventory
results of thifi pilot effort. The holdup, de-
fined a- the quantity of dlsnolvabl.e uranium
that remsina in the columrt after the eolution
contents ● re dumped, is gpproxlmately 1.3% of
the colunct inventory. The tubnequent direct
inventory measurrmente did not include ●uch s

f.ushing procedure, but lt is aseumed, for the
purposes of comparlcon with 5UREKA eeomys, that
1.3% must be ●dded to the measured wolumee ●nd

uranium masses of the dumped compunentrn.

Tablms VIII ●nd IX MiVe the directly meas-
urad colutlon volumee ●nd uranium massee (re-

cpmctlvaly) for the three ●olvanc ●xtraction

●ystem dumpr. The quan’.itiern in parentheaeo

incorporate the ●djustment- for holdup of solu-
tion in the columns following the dumpo.

c. ELIREXA Inventory Remulte..-
Figures f~-snd ~?”~re pl~~~of the uranium

concentrations verous cclumn height (where zero

corre~ponds to the bottom of the column) meae-
ured {luring the puloed snd otatlc EI!REKA ●ssay-.

The d-shed ●nd tolid (plum dotted) Iinae ● re
●mootk curves drawn between the pulsed ●nd ●tst-
lC rellultti, rmspectlvely, The uolld histogram
llluotratas tht method used by the EUfLEfb code
to numerically integrate the rcsultc to slv the
column inventory. The ●olld vertical l!re~ ●t
the riltt,t of the hittogram mark the heishte of

the aqlleous-orgtnlc !nterfac@ ●nd the ●olution
l@velt in the columnm. Th@m@ h?tghtc vary fros
column to column ●nd month to mnnth, The ver-
tical position of detector !I (5th dotertor from

th~ bottom) dlffcra for the pulned ●nd ●tetlc
●tsays [or ●oot lnvontory p~rindo. No (alter-
!Istjvo) brarketm ● re mu!lntod 00 ●cc+ column for

thie detector. The lower bracket, ● t the top
of ●~ch ●teinlesa steel ●~rtion, io umad for
all pultad ●sueye. In tho ●tatfc mode, beceuee
of the nharp dlncont!nulty in ronrent ratton ●t
the well-d-fined solution interfare, it ie de-
●ircblc to pooitlon detector 5 below ●nd ● e
clooe ,;o thfc interface am pomsiblo. Therefore,
● ●acortd hrackat for detector 5 ia ●ounted for
thte !mrporno when the lnterfarc level is rtila-
tivsll hlBh in the glasm coctlon.
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Mrg@ difforencos in the column conrentra-
tfon proftleo for the pulmd ●nd etatic ● eoe-
uremrntc, particularly for th cntractlon col-
umn, illuctrat@ th~ need for u-ink pulmod •m-ay~
to obteln concentration information that reletes

to the plumbing contents. The detector 1 (ht-
tou) ●nd detector A (top) ●amay results ● rc used
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tram .an bc made.



for ~hese purpooes. Detector 1 Ic petitioned
below the organic feed line in the ioectiva re-
gion “of ●ech column. Therefore, lt asmayc ●

pure aqueous solution during puloed operation,

●nd the concerttret!on ie representative of the
●queous ●olutlon drain components of the exter-
nal plumbing for ● given column. Detector 6 ie

●ounted above the ●queous feed line in the in-
sctlve region of ●ach column. Therefore, it
SeBuys ● pure organic ●olutlon during pUlOed
operation, ●nd the concentration is rep-eeenta-
tive of the organic solution overflow components
,\f the ●xterwl plumbing for ● given column.

For the pulsed EUREIU as5ayI, no operator

input is required other than column ldentlflca-
tlon. For the static EUREU ●scsys, ●dditional
input ic requested of the operator. Thlm in-
cluclea levels A ●nd B of the fiolutlon ●nd inter-
face. respectively, in each column. These lev-
●ls ● re r~,ad and recorde4 routlnsl; by the op-
ers,tor ● t ●ach inventory period ●fter ●yetem
shutdowtt ●nd pulsing. The EUREKA code ●pplies
these quantities to the calculation of organic

and ●queous eolutlon volumec. The A level var-
ier from month to monr.h because samples ● re

routinely pulled from the a+~eous and organic
phases following pulolng for phase dicengege-

● ent . Since the EUREKA inventory 10 compered
to the dump lnverrtory, the A Ievrl ●fter sam-
pling is the value required by the code to com-
pute th~ solutlon volume. The 3 level will
SISO change frrllowfng the sampling, but blsger

factore in this change from month to month ● re
the column operation parameter. Furthermore,
should ●ny churdovn (followed by pulsing) renult

in ● B (fnt@rface) level below the glase ●ec-
ttona, ●cid solution (free of uranium) le ●dded
to the column to raise this level to make it
vieible wlthln the glass section. In ●ll caaee,
the readJn8 of A ●nd B 88 w*11 ● e th~ ●tetlc

E[’REKA essays muot follow the ●cid ●ddition ●nd
sample withdrawal procreaea,

Becauee the operator rout tn~ly aamplee (for

●eoay) the aqucoua phaoe ●fter ehutdovn ●nd
pulsing for phaac dls.n~~gement, the EUREKA code
la desl~ned to uoe thla eoaay fnfcrrmstlon (ura-
nium concentration and ●pec!fic ~ravicy), if lt

la ●vailable, to compute th~ ●cld ,olarity nf
t h? ●queoua ●olutlona in the co!umn. Thie
quantity had previously been ohaerved to vary
by ● e ●uch ● a ~1 H cbout b ● ean of 3.5 H in
the ●xtraction colu~n, In thle rance (1.5~ to
5.5 ~), the change in 186-keV count I.tc for
100 c U/l, fm ●pprontnatcly 22. Thie propagetee
to g 4X ●ffect In the uranium concentration ● e-
●ay. All EUREXA fnvcntory rcaulta to date have
●mployed the caeple ●asey ree~]lt in dotermim’ng
the correction for ●cid ●olarlty in the ●xtrec-
tlon column. In the sbaenca of thle input to

the EUREU code, the default Valuee ueed by the
code give rice to ● rrore that ● re documented in
Teble 11. ‘;ince the tsmples Ire withdrawn from

the ●queoue ●ol~tfone ●t ● fixed height In the

column, the ●ample ●acsy reeulte ● re plotted ● t

thie height in Flge. 16 ●nd 17.

Tsbles X ●nd XI give the EUREtU reculte for
solution volumes cnd ursnium mxec~x, rexpective-
Iy, for the inventories that included direct

meaouremento. The quantlt!ec in parentheses
●djacent to the column component incorporate

correction that have been ●pplied recently to
the original ●esey reeulte. The correctlonn
arlee from the use (through ftay 1983) of ● n in-

● ccurate quanttty for the volume calibration
(volume per unit column height) in the active
regione of the c. umne. The correction ●mounts

to ●pproxlmetely 2.5% ●nd 22 on the column ●nd
ayctem compon~nts, respectively, of solution
volume ●nd uranium maes.

Table XII glvea the ratios of the resulte
for the EURE’KA .olumec to those for r e annlo-
gcua dump component. (These ● re the ratioa of

the resultc in Table X to those in Table VIII.)
The meane ●nd etandard deviations in three
quantities ● re given in Table XIII for the cor-
rected ratios {numbers in parentheaee in Table

XII). Teble XIV Civet the ratloo of the EUREKA
recultc for uranium inventory to those for the
●nalogouo dump components. (Thea@ ● re the :e-
●ulta of Table XI to those of Teble IX.) The
meana ●nd standard deviation in these qutrmtl-

tte$ ● re given in Table XV for the correct~d

reties (numbers in parentheses in Table XIV).

Iv. RESULTS OF EVAPORATOR tfONITOR EVALUATION

The uranium concentrator, monitor for the
Y-12 ●acondary intermediate evaporator has fur~c-

tioned ●lnce fn$tallatlon ne ● device for read-
out of concentration; the monitor ia us~d by the

operator responalble for manual control of the
●vaporator. During several perlodn of opel,ition
of thr monitor, campl~s were withdrawn from the
return loop of the ●vaporator. The rerulte of
●xt~rnel analyale of the urani,lm concentration
of theee emmplee by nondestructive hlgh-resolu-
tlon gamma-ray ●aaay2,5 ● re p!otted in FfSe.
18 Ibro”gh zo (ae eolld potnta) nlong with the

monitor reeulta (circlee) ● t the ●ssay cycle

lntervala. Th@ percentag~ dev!etion betw~en th~
monltot result (cloaoat ir, time to the tlmr of
●ample withdrawal) ●nd the sample aaaay ia plot-

ted varaua sample ●ueay rreult in FiEo 21.
Thea@ dsta indicate ● n •v?ra~a blae in the monf-
tor result of ●pproximately 1X with ● relative
etsndard devlstlon of 2X in the msen.
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v, D1SCLISS1ON AND RECO!ftfENiL4TIONS

A. EUREKA..-—
1. C~]umn Invrntorv Results.
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Exercioe

of a riguro”un” me”aour?”m’errt” “c”o~tro’1 “p-r~gram during

the first six uronths of oprratinnrsl ●valuation
of EI:IWKA has generated tnnfidel~c? :n the abil–
ity to ●ntahllnh ●nd msirrtaln nn nrcurate cali-
bration tot the cuncrntration asrIay. HOwevcr,

comparison of the E(tRF,KA iuventory reaultm with
dfrect monsurementa inrffcatra An @V@raR@ bias
of ●pprox!mtely 3% in Lh@ EUREKA column inven-

tories (Table XV). The atanflard dcvlation in
the relatlw rwtultm lC 6X. The bfsa in lar~~
compared to the relatively gwd !gr?amant in

column solution Volum-a (-1.5X 011 the ●vcraua).

The larR@at inventory biat la ohservod for
th~ ●xtraction column--in particular, for the
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May ]983 mcarsurementq$ for whf~h the FIIRf?~ re-

sult was 15% l~rger than the direct resiult.
Elfm!nrAt]on of the ttay 1983 measurement from t},e
aVrrage rcUultO in ● blrs of 1,~% and a standard
deviation in tt,e relative result of 4.5%, TFr
distinctly flatt~r uranium concentration profile

deduced from the d,]mperi component anntvs com-
pared to the EURF,KA asssiya (dot-dash compared
to aolld htctugrams, Fig. 1?) sugg~sts that
ch~ngos (r@sulting, perhaps, from equilih(atfon
of conc~ntrotlun) occurred hctwerr the EUREKA

measurements of the stmtic ●xtractl )n r-rrlumn and

th~ actual dump of t!rc ●xtrnctjon column during

thr tiy 1983 invcutory, Howevo:, no changam
th~t might ●crount for the ●ppn,ent hiao have
:,r@n dncumantad.
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The mc~sured ~tnndard deviation r9f 6% ia

twice IAh large au the predict-d random uncer-

t~inty in Lhc EUREKA inventory of a givet) col-

umn. However, 6% is the otandard deviation in

tht relative renult, and therefor it includem

random effectn ariuuciated with dum~)ltqg the col-

umns, sampling the stumped components, and par-

!nrrning external anoaya of I hP componprbta .
Simil*rly, the )X a},l,arb.nl nin# iu ●i[ectad by
the ●yalemntlc effectc in tlIrMe proc?abe~ of

sslrect vpriflcation, For future cOmpnrisOns,

rfforta will hr dlrertmd at rmducing the magni-
tude of pohkiljlc ral)dorn and nywtemntic effertm
from tl)e direct vert!irnti~]i, pruceduree. ThI ●

Includeu nnmwrin~ tllnt liqilid levolm nt~ r@cord-
vd after (ratll~r thnn hofure) anrnplin~ Ilnoo ● rc

~parged ard t.nmplrn are withdrawn, that all
valvoa to tll~ ●xternal pl~trnhing at- clnped ●nd
remain rlottod aftrr Mlliltdowt], ~nd tllnt no ●ddi-

tinnal ●nlutlon in rbddrd to or remov~d from th~
columns Iwtwo?n the F,\lfl F,KA atbtiayn ●m! tho dumpc.

(The ●dd!tinn of ●cid or d~-!t,n!rert wat~r LO the
column, to raimw tlw int~rl ace lavel in the
column it s towtinc l)ract ice durlnu i~lvpntory,)
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FiA. 18. Evaporator monitor rcaults

for urnnium corrverrtration plotted
vereun time, The resulte of the ex-
tcrnt.1 arralyais of two nnmplca vlth-

drmwn from the ●vaporator rptwrn loop

ar~ nlno plotted at the time nf anmple
withdruwnl (colfd poitrtk). The error

bars nrr cnl.ulnted from the count!n~
“tntfati~e (1(1) Of the monf,nr as-

●aya,

?. Conrentrntfon Aunaya. TliQ anter-
fnkn plotted In Figs. 1A nnt) 17 i-r? th* CI)nlon-’

tratlon54 of urt5n(ltm mnmplen withdrawn from tlw

ntar{r rolllmrr:, at th@ {ndirntrrf he{Rht and nn-

n~ypd externally. In all carirn, thenp namplan

wPre withdrawn frnm tho cnl~lmna hofore tho ntnt-

Ir mvnntbrvmrntn w~re p~rf(,rm-d hut a!ter tho

plllu{na of th~ imnlated rol~lmnn for phnF@ ●*-

pnrat ion wan romplotqd. Th@ anterlakm fall

helnw the ●nlfd smooth rurvc that rO!]nectn the
alntir amnay data in FiR. 16. Tlw averaK@ dia-

rrol,atlry holweetl th~ smooth curvo a:)d tl!o aampl~

remultm ia IOX (.th%, l(j),
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FIE. 19, Evaporator monitor rcoulto

for u:aniurn concontrnt ion plotted v@r -

aun time, ‘lhe rroultn of tha external
analyeis of thr~e anmplan wtt~ldrewn

from the r~tiporator return loop ● re
●lto plotted ●t the time of rnmmplc
Wfthdrawel (~olld poInte), The ● rror
barn ar~ calculn!ed from the counling

ntntimtics (Id) of the monitor ae-
●ayu.

tlw ralibrnt lono of thr concentration aneay

rat-t! dmt~ctor, The nrnndard cell uak moved
to th? ol,erationm er~a in order to perform

for

oil t
th~

m -

Im -

0--
0
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10 10
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Fig. 20. Evaporator monitor reaulta

for uranium concentration plotted ver-

MUC time. The reaulta of the **ternal

analyois of two anmples withdrawn from
the Evaporator return loop ● re ●lnu

plotted ●t the time of atimple with-

drawal (solid pOintS). ThQ error barn

are calculated from th? crruntin~ cta-

tistico (1~1) of the monitor aaoaya.

with inaoluhle littlt wan mnothor poaaihlllty, b,]t
this wan dtwmfnaerl when tho May 1983 lnvantory

rr.multa (Fig. 17) ahowpd agrermpnt beiv~~n thp
nmooth curve drawn hetwe~n th? static FIIREKA
anmny rcfiulta and th? reaulte of tha aqumoum
finmple ●omayc (antcrlekrn),

Tu date, the cauao of the d{srrepan(lcn ha-

not been Identiftcd. ThQ avern~~ mnRnlt\ldo of
the dlff?lrnce ia auhmfantinlly larger than th?

~v~rmgs b[mm (3X) in th~ EIIRKKA rolilmn invontcry

reeulta. lhtt ●ugRmcta tlmt tlw ohbcrvod dto-
cropnnry la protrably not rauaad hy ●yntomatlr
●ffcrta that hiaa thn ?,lIRI:,KA ●saay, hut rathar’

by ●ff@cta oi aampltnK the column or by lncor-
rart qauumptiun. shout tha ●amplln& (for ● nam-
pla, plotting tho ●amplo mcacy rc~ultm ● t thm
heiqht of the ●ampl* ●pl~ot),



+20 1 1 I 1 I I I I 1 I I I 1 1 I
I 1

v
* +10
@

#
P
\

GO I 11:-.~
1 “

( )

--10 -’
K ‘ *

-~.~.–d .. ..-r .-l - ! –-L-_l_--J . . . J. .– J I—J .J---L -L.— J.~

o lM ?00 m

TSI UfsnlumContcntlallon (cU/f)

Fig. 21. Percentage deviation batween ?vaporator monitor r~sult (“meas-

urement”) and external sntuplc anasy recult (“tag”) plotted vernus exter-

nal cample aos*y result for the neven withdrawn 6Amplea indicsted in
Fiut. 18 throqrh 20, The error baro ● re calculated from the counting
●tatiatics (10) of the single monitor ●soay concurrent with the cmmpla

withdrawal,

RPcnuaI. uranl urn la pnrtitlnt\ed betwmarr two

immlrncihle phaaes in LIIQ ~nlv~rrt ●xtraction
colurnna, a gradicnc in concrulratlor (versuo

ctrlumn height} will elways axist uittlin ● phaee,

even nfter long periods of puln!ng follnwirtg

~h~)tduwn and iacrla.ion of tho columnu. Thi a
gradient cnntrlbuteo to th~ difficulty of uuirrg

nmmpling rnethoda to •v?lu~t~ the EUREKA concnn-
tratl~ll rtaaay. For tile ream? renmon, detarmins-

tinn of it~d inventory in th~ eolvorrt ●xtraction
rolumnn by ●ampllng 1s nuhject to larga unc@r-
taint lea. The rhoir~ of th~ oN-lfnQ WA m~tltoda

applied in the 111RF,KA Inntrurnpnt wao ra~do, in

part, to ov~rcnme the ontcrtatntlea in tho in-
v~ntnry rgr!ll~m i,ltr{,d\lred Ly Bdmpiing.

The cnnrontrai ion mnnitot on the Y-12 in”

t~rmediate evaporator r?lurn lnup may r.ffar ●

more r*m#nnntll* aii~latlon for evalttat inn III the
conr~ni tat inn aunay by ~nmpling uinr~ only ●

eing!9-phabO ●nlut inn in i~rpnoni fn the evapo-

rator,

tnry) in th~ plumblnR ●xttrrwtl to the seconda~y

aolv~nt extr4tction uymt~m, tlocau~? th~ uranium
conc~ntration profjle la moaai)rcd rt~trlng pulned

oporatlon by the EillWKA(i~tectore, th~ reaultu

of theec aaaaya can almo ha uned to d-duc~ the

I!EII inventory in tho op~ratin~ colomna. Fur-

thermot~, if st~ady-etate operation of the col-

umns ie n:hi~vcd ●t thP tim~ of th? EIIJtEKA ● e-

aaye durin~ pllle~d oi,eration, ●nd st~ady star,,

p~raiata until the time of shutdown, th~n tl)r

FIIIWKA pulacd nnd eiatic invontori*n ahnuld br
the came.

TIIe uae of th@ soaay data ol,tatn~d d~ir!ng

ptllmvd ctl,*tai i(~n for delelminatlon of tho il~l!

inv~ntnry in the e~~lvont ●xlrart inn ,nl\lmnm ~a

a~l’”tilfng h-ratlae it ope$la th* i)uaaibl IiIy ,,[
uelnn a mntilmmntlraj mnttpl

f!
to Rive an art-u.

rat~ tot)telltrattoll” pr(lflle wllilo IIning btlt)ntan-

tlally fewer thnn ●ix dotoctt)rm i)er ctllllmn, TIIII
umP of ●uch a model , hnw?.v*l , tmqufren t hnt

rnte.tdy-mtate opernt i{~n p*ra i at a frnm tite timr
{If t)l~ meiiatlrnm~ni of cnncetttvnt {01,, tj!)t II t)jo

time of ●hutdowo.

Tab]? XVI io ● tabl~lat inn of th@ iil:,llin.

VOI\tU1’f@@ ili tho thfco rnlt!mns dot~rmlncd frtim
tllo i}illned ●nd aiailr hURi:KA ●saays tm tho tt)u I
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inventory periods. Tho quantity AT ia tha
time ●lapnmi hetvcan tha pulsed ssta>. ●nd tha

sctunl column shutdov-, The lnrgeut diffurctrces
betwaen ●tatic and pulocd ioventrrrles appear in

th. February r~sultn, which correspond to the
longest time dtlsy betwc~n puloed ●soaya ●nd

●hutdown, but nubnt~ntial differenc~o algo ●xist

in the May rcnulta for whlth rhc delay wao ooly
3 h.

inventory, the additional biaa introduced 1ss tho

total EUREKA inventory io only 2X.

Some of the ●ystemetic bisc mu-t be ●ttri-

bvted to chartgee in concentrations in feed ●nd
product ●tresme that occur between the time of
the pulced EUREIU asnaya ●nd the ohutdown; theee
ure due to lack of steady-state op~rating con-

ditions. At leaat one helf of the ●verage bi~o

(t;istit, 5X) is the re~~lt of ● n overestimate
by EUREKA of the eolutlon volum~s in the ●xter-
nal plumbing. (Refer to Table XIII.) The vol-
umes nosumed by EUftEKA ● re obtained by calcula-

Liot$E using the knowr diameters ●nd InnBths of
pipe in the ●xternal plumbing. It lo atsumed
that these plumbing volumes ● re full of solution
●t inventory, but for come of the external com-
ponanto, thiti eppaarc to be ● falo* assumption.

TrJ date the bias in the EUREXA solvent ex-

traction oystem inventory ie 5% with ● standard
deviation of 10X in the r~lative result~. Im-
provement can be ●xpected by uuing more raal-
istic volume. for the external plumt,irrg compo-
nents.

5. Recommenrtationm. The following

procerlure; “;r.””tec;rnmenrt;d-for the ramaining
period of operational evaluation of the EUREKA
instrument

● Increase afforto to reduce uncertsintlts

in direct inventory vcrii ication methods. Thi ●

incl, dem valving off ●xternal plumbing lin~s

{mm~diately aftar ahutduwn of uolvent ●xtrection
oyntem, spargin~ fiample lines mnd withdrawing

nampl~n befo~o r~adlng liquid 10VQ1S in rolumns,
porf~~tm,ing static F,INF,KA aanavrI ● s soon prrm-

mibl~ alter ~amplo~ ● re with(!rawll, ●nd urinu

that sddition (or removai) of nny ~olutioll to

(or frum) th~ crrl,,mna proc+rlcs II]* FIIRFKA ansayn
of lhm ●tatir colilmn~.

● U*O tll@ ompiriral renl,lt~ Of tile ~c)l,lmt,

dllorpm !O rt.uva]llate tl,o V()\ilmoB ~,f I),, ir,dlvt-

Atlal exrornnl pltlmhtt]g c(,m},(,t\rtltn, Tllim will
r-dttc~ the tllRYKA hlna tll~t t-~,lltn (rw (IIM
shatlmpt ion that the cxtrrtlal pliImlitnR Vol(lmcn
● ro full of ●ultlt ion at invent ttry,

● l!@duc@ tho t fmc hotweert l;ll R):KA asnays
of III* pill srrt rolllmns and t ho aItIIal IIIIIII(I(IWII,

Tltis wfll iucte ano thP a(rulary o! the l“\~Rl,KA

delerm!nat ion rrf !Iia IIEII invoniory in the oM-
!mtnal plumbins.

The ft)l I(IWIIIM clmnnea ● rm ro,(,mmotldcd ioi-
iMllt OVillR I ho ?tf?rlivcnasa of tho I.IIKI’KA il\-

■tltlrnent mm ● tool 111a plnrluctiunfmcil!ty;



● Raduc@ rneasurmaent control ●fforts sub
●tantially. The ●xtensive meaeureraent control
reoulto ●ccumulated to date ●uggeet thot the
background results ●nd the uranium diek ●etay

raeults ● re independent of column identification
●nd operational mode (etstic or puleed). Sinco
the detector ●fflcienciee charter ●lowly with
time, ● disk asemy is required before each in-
vantory. However, ● diek ●ocay lo not necessary

before ●ach column ●esay. It ie recommended
thst the number of dlek ●eeaye be re~t,ced from
●ix to one par detector for ●ech inventory pe-
riod, ●nd that the background meeeurements be

performed only once (rather than twice) on ●ach

column.

● Ellmlnmta tha withdrawal ●nd external

●eecy of eemples of t ,1 mqueoue ●nd orsanlc

phases of the contento of tha solvent ●xtraction

ctrlumnt at inventory.

● Reduce the number of dtt~ctore rcquirad
pcr column from elx to flvc or fewer.

● Modify EIIRF.KA hardware ●nd eoftware to
parmlt slmllltanco.e ●eeay of the three columne
of the aecondery ●olvont extraction eyatem.

● Ympl*ment the other ●econdcry eolvent
extraction eyetam with hardwara to enable the
u-e of EURF,M for drt~rmintng the HE1’ invantory
in thle parollel ●ymtam.

B. Evdpordtor Monitor

Il,r urantllrn conr; nti;t ion m{,nltur for the

Y-17 n~condary Intcrmedieto ●vaporator ham par-
f(~rmetl accurately and reltably einra it- tnatal-

latiou in D@r@mb@r 19ft2. BcrausQ thcto perfor-

rnanc~ crlt~rfa hev~ baen eatlefied, the poesi-
bll~ly of outornntlc control of the evaporator

oPrrOti(ln can now bo considered,

Some pr{lgrcan baa hccn made ● t Y-12 in
●valuating of nll-l!ns ●psclfif Kravlty m~aaure-
menta ●nrt ●tltomat IC control of cvapototor oper -

●tion ueing on-lin! rooulta.a One ●pproech
to obtoining mutometic control for this evapo-
rator 10 to ●pply the on-line reoulte of these
two demonstrated methode to the cxieting Y-12

~utomation ●echaniem.

It ie recommended that the ●ccuracy of tho

●vaporator monitor be verlfiod by withdrawal ●nd
●xternal ●tulysle oi sempleu of ●olution in the
return loop ● e long se the evaporator continues

operation in tha manual-control mode,
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